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Abstract

The absdrption cross section for ﬁitric acid vapor has béen
determined between 190 and 325 nm at room temperature. The
results agree with work by Dalmononer a shoiter wave-length.
interval. The nitric acid spectrum is a continupm, consists
of'at»leasf two different electronic states, and obeyé Beer’sv

law throughout the region. The absorption cross section is above

10"17 cm2 at 190 nm, about 10~20 cm-2 between 240 and 290 nm, and .
-22 2 |

less than 10 cn® from 322 to 370 nm, which is  the upper_wave—

length range of this study.
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Nltrtc aeld vapor is an 1mportant by- product of photochemlcal
smogl, and 1t is an lmportant trace constituent in the lower’
stratosphere.z' For photochemical smog, the lnterestlng wave
"length reglon for the absorption coeff1c1ont and quantum yields
is that above 300 nm. For_the stratosphere, the entire wave
.1ength region above 190 nm is interesting. »This article gives
the absorptron spectrum_from 190 to 370 nm. Work is in progress
concerningfthe gquantum yields and the identity of the primary

products of the photolysis processes.
EXPERIMENTAL

The obserthlons were made Vlth a thherson 0.3 meter
scanning monochlomator in conjunctlon with a multlple reflection
long-path gas cell. The 45 liter cell consrsted of a 6-foot 1ongf
guartz tube, 6 inches in diameter, and nlckel—plated stainless-
stecl end caps. Ehternal lines werxe glass or stalnless steel.

The base path of the cell is 8.6 m, and optical paths of 8.6 to
34,4 m were usecd. A slit-width of 0.5 mm'gaue 0.7 nm resolution.
The source}lemp was a Sylvania deuterium urc, and a set of mirrors
mountedlnear the cell entrance and eiit windows diverted part of
“the light as a reference beam.. A filter qu used above 370 nm to
remove light diffracted in second order. The source bcam was
chopped at 400 cps and detected with a photomultiplier and a lock—in
aﬁpiifier._ Scans werce recorded undvovaluatea by a PDP 8/L computer
intcrfaccd uith a Fqbritck 1074 computer,

Purc.nitric acid was preparcd from a‘mixture of dry sodium

nitrate and ©8.5% sulfuric acid. The distilling bulb was filled
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at dry ice temperature, then evacuatcd ‘and warmed to 40°C;

the colloctlng vessel for the nitric acid was placed in

a -40°C bath (These temperature limits should not be exceeded,
or nitric acid will decomposc above 40°C). The product

was stored as a white solid at dry-ice temperature. Westef

greaseless Teflon and Viton o—tiﬁg stopcocks were used. Gas

samples were collected in either an 80 cc bulb or a 3—li£ér

bulb, and the-pressure wasrmeasuredeith an oil manometer. The

gas was thcn expanded into the evacuated gas cell and scans were

made within 10 minutes.

Nitrogen dioxide gas of 99.5% purity frbm Matheséh Coﬁpany
was liquified and stored for 48 hours at 0°C with one athoéphere
of oxygen. The NO, was then frozen at dry-ice temperaturé and
the oxygen was pumped off. The solid Qas‘transferred twice and
pumped on‘to:remove any trapped oxygen. 7The white product was

stored at dry-ice temperature. Nitrogen diéxide samples were

collected in an 80 cc. bulb at 25°C, and the pressure was measured

with an oil manometer. Correctlonc for N?o4 were made using the

3 The gas samples

equilibrium constant of Verhock and Daniels.
were then expanded into the evacuated cell. The absorptidn
spect;um is,based on ten gas samples which gave cell doncentrations
" ' 14 _ 3 1alD : 3 oy
between 5x10 molecules/cm™ and 3x10 molecules/cm™. The
maximum amount of N?O4 present under these conditions was less
than 0.1% of the N02 present. Beer's law was‘obcycd and no

pressure dependence was obscerved between 50 microns and one

atmospherc total pressure. The absorption spectrum so obtained

had a 1% standard deviation abbve,BOO nm. Valucs of the detailed



absorption cros —sectlons of nltrogen d10x1de were stored in
nitric acid

the computcr and used - to correct the observedAspectrum for the .
n1trogen‘d;ox1de ;mpurlty.: The amount of nltrogen dioxide was ;
determined'from»its_detailed spectrum betWeen_BlO and 370 nm, | |
and it was-found to be between 0.1 and 0.2% of the HNO,. The
.absorptlon due Lo thls source was subtracted from the HNO3 spectra.
Plfteen gas samples of n1L11c ac1d were used and gave cell

concontratlons between 8X1013

and 6x10%° molecules cm™3.  The
composite spectrum is presented on a semilogarithmic plot in
Figute 1. The ordinate is in cm? moleculeél and the standard
deviation is expressed as per cent at the fop of the figure.

The absorptlon is very 'strong between 190 and 210 nm, falls to much

lower values between 230 and 290 nm, “and rapldly falls to a

vanishingly low value above 325 nm.
 DISCUSSION

The absorption spectrum of nitric acid_ln Figﬁre 1 indicates
two or more clectronic states. To effect_some separation of
overlappiné'absorptions}.it was assumed that'the long-wave-length
absorption was symmetrical in encrgy, centefed at 260 nm.  This
curve is indicated by a dashed line in Figure 1, and it was (
subtracted frow the total absorption corvc to give the other v
dashed line. According to this analysis the'short~wave-length
absoxptionfhas:its oxigin near 280 nb.

The continuous noature of the absorption.spectrum suggests
that photodissociation is taking place. Fout cnergetically

possible rcactions are:
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A. HNO; + hv > HO + NO, ‘A < 598 nm
B. HNO; + hv > HNO, + O(°P) X < 401 nm-
€. HNO, + hv + H + NO; A < 290 nm
D. HNO., + hv + HNO, + 0(lD) A<

245 nm

3 2

These wave-length limits are derived from thermodynamic data.4

This'study agrees rather well with that of Dalmon® between

230 and 300fhm. The comparison is given in Table 1. The

' disagreement at 290 and 300 nm could be due to Dalmon's having

1.5% NO, in his nitric acid.
For considerations of photochemical air poilution in the

troposphere,'the important region is that above 300 nm. The

 observed curve in this region is extremely sensitive to traces

of nitrogén dioxide as impurity in the nitric acid and to the
comp;eteneSS‘Qith which»correctipns‘can‘béwapblied for such
nitrogen dio#idé-and'for the nitrogen tetfdxide inveéuilibrium
with it. ‘Inlthis study the nitrogen dioxide was kept below 0.23
and the nitrogen tetroxide was ncgligible,‘about 10-10vatm, To
provide a firm basis for correcting for theIO.l to 0.2% NO, in
our Sample} we determined the N02 absorption‘cross section at

low pressurgs and with a long optiéal‘pathi The absorptiqn Cross
séctions agree with thosc bf Hall and'Blaccts'betwecn 370:and

420 nm and arce sonewvhat Jlower at shorter wévelengths (aé wéll .
as the points can_be'réad of{ of their grdph). Tﬁe cross secﬁionS‘
for sz between 200 and 270 nm agqrveed with those of Nakayama,.

a

. o 7 .. . . '
Kitanura, and Watanabe '’ within their experiemntal error of 30%.



The reproducibility and sensitivity of‘the;apparatus are such
that between 330 and 370 nm

»o(uNo3) << 10722 p?

FurthermOré, pure anhydrous nitric acid in the vapor or iﬁ the
liquid state is dléar and colorless, which implies no significant
absorptions between 400 and 700 nm. We disagree with the strong
absorptioﬁ.indicated for nitric acid vapor‘befween 320 and 440 nm
by Schmidt>gE 3&8, and we suggest that theffhaVe preéent some

major impurity or an instrumental malfunction.
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Table 1. Ultraviolet absorption spectrum for nitric acid vapor

2 2 o Standard

gm , . g;lign . ;;H;n&ork : ' deviation
190 o R C1.32 (-1 3
195 e . 9.1 (-18) 3
200 S | 5.5 (-18) 3
205 - 2,55 (-18) 3
210 o 9.7 (-19) 3
215 o , 3.28 (-19) 3
220 S . 1.44 (-19) 3
225 o - 8.51 (-20) 1
230 ©5.35 (=20)% 5.63 (-20) 1
235 3.59 (-20) - 3.74 (-20) 1
2490 2.56 (~20) - 2.60 (~20) 1
245 2,10 (-20) 2.10 (-20) 1
250 1.93 (-20) | 1.95 (-20) 1
255 1.91 (~20) 1.94 (-20) 1
260 1.93° (~20) 1.90 (-20) 1
265  1.91 (-20) 1.80 (~20) 1

C 270 . 1.64 (-20)- 1.63 (-20) 1

275 1.34 (-20) 1.40 (-20) 1
280 1.07 (~20) 1.14 (-20) 1
285 '8.79 (-21) 8.77 (-21) 1
290 7,26 (-21) 6.34 (-21) 1
295 5.73 (-21) 4.26 (~21) 5
300 4.59 (-21) 2.76 (-21) 5
305 | 1.68 (-21) 5
3100 | 9.5 (-22) 5.
315 ' ' 4.7 (-22) 5
320 “ 1.8 (-22) 5
325 | - . 2 (-23) >10

20

* 5.35 (-20) weans 5.35%107%7; an(r /1) = o lINO,IT,



‘i , - References o - ~

P.A. Lelghton, Photochcml try of Airx Pollutlon, Academxc

~,

Press, New York and London (1961) :>f » B -.-_4' ? v

a. D. G. Murcray, T.G. Kyle, F M. Murcray, and W.J. WLlllams,
3. Opt. Soc. Am. 59, 1131 (1969); b. W.J. Williams, J.N.
Brooks, D.G..ﬁurcray, F.M. Murcray, P;M.,Fried,‘and

J.A. weinhan; in press |

F.H. Verhoek and F. Daniéls, J. Am. Chem.'Soc. §3,§1250 (1931).

JANAT Thermochemical Tables (Second Edition) NSRDS-NBS-37.

R. Dalmon, Mem. Serv. chim. état 30, 141;(1943).

T.C. Hall and F.E. Blacet, J. Chem. Phys. 20, 1745 (1952).

T. Nakayama, M.Y. Kitamura, and K. Watanabe, J. Chem. Phys.
30, 1180 (1959). | |

S.C. Schmidt,‘R.C. Amme, D.G. Hurc1ay, A. Goldman,.and

F.S. Bonomo, Nature, Phys. Sci. 238, 109 (1972).

e

AT




8

*y : : X ) g ) P
5 S B TR B R TR SR S fj o

Title to Figure 1. The ultraviolet absorption spectrum of

nitric acid vapor; Rn(Io/I) = O[HNOBJL, where [HN03] is in

molecules cm—3 and L is optical path in cm. The percentages

at the top of the figure refer to the standard.deviation based

on 15 gas samplcs.,
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